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Abstract: T he ob ject ive of th is study w as to develop the app rop ria te spectral indices fo r p redict ion of yellow rust index that

are rela t ively in sensit ive to species, canopy structu res ( such as leaf area index and leaf angle distribu t ions) , fo liar inner

structu res, and so il condit ion varia t ions. W hen w in ter w heat w as infected w ith yellow rust, the leaf ch lo rophyll

concen trat ion decreased, the regression equation betw een SPAD value and m easu red ch lo rophyll concen trat ion w as

estab lished. Canopy reflected spectrum and canopy ch lo rophyll concen trat ion w ere m easu red du ring grow th du rat ion, it

indicated that it had the logarithm ic relat ionsh ip betw een the rat io of T ransfo rm ed Ch lo rophyll A bso rp t ion in R eflectance

Index (TCA R I) to Op tim ized So il A djusted V egetat ion Index (O SAV I) and M ino lta Ch lo rophyll M eter (SPAD ) value,

w ith a coefficien t of determ ination R 2 = 0. 7795 (n = 320) , so the com bined index TCA R IöO SAV I w as p roved to be

sensit ive to ch lo rophyll concen trat ion and very resistan t to the o ther varia t ions such as L eaf A rea Index (LA I) and no

pho to syn thet ic m ateria ls at canopy level. T herefo re, the p redict ive capab ility of TCA R IöO SAV I seem s consisten t and

sat isfacto ry. T he p roper reflectance index of pho tochem ical reflectance index (PR I) w as cho sen fo r disease index inversion

by m in im izing fo liar inner structu re effect, it has linear negative relat ionsh ip betw een the no rm alized pho tochem ical

reflectance index (N PR I) and disease index (D I) , w ith a coefficien t of determ ination R 2 = 0. 8477 (n = 63) , so the

no rm alized pho tochem ical reflectance index (N PR I) can be used to mon ito r the disease index of yellow rust.
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0　 In troduction

　W in ter w heat (T riticum aestivum L. ) is one of the

m o st im po rtan t crop s in Ch ina. T he yield grad ien ts,

how ever, cau sed by yellow ru st, app rox im ately 73%
～ 85% of the w ho le yield lo ss, g ra in quality ind ica to rs
(such as p ro tein con ten t) w ere grea t ly decreased. It is

h igh ly desirab le to develop new techn iques to
overcom e the lim ita t ion s of t rad it iona l f ield su rvey

m ethods fo r crop hea lth m on ito ring, hyperspectra l

rem o te sen sing can p lay a vita l ro le in p rovid ing t im e2
specif ic and t im e2crit ica l info rm at ion fo r crop grow th
m on ito ring, due to their capab ilit ies in m easu ring

canopy reflected spectrum. Som e researchers have

stud ied the rela t ion sh ip betw een spectra l

characterist ics and b iochem ica l and b iophysica l

ind ices. W ang (2002) assessed the quality ind ica to rs

by fo lia r n it rogen con ten t a t an thesis stage. Carter
(1994) stud ied the ra t io s of leaf reflectance in narrow

w avebands as ind ica to rs of p lan t st ress. R inehart
( 2002 ) stud ied the rela t ion sh ip betw een canopy

spectra l reflectance of st ripe pa tch and do lla r spo t

severity on creep ing ben tgrass. Sh ibayam a ( 1990 )

est im ated rice gra in yield u sing hyperspectra l da ta.

Bu t, study on inversion of d isease index (D I) from

canopy reflected spectrum up to now is slim.

　 P lan t d isease detect ion based on canopy reflected

spectrum relies on the p ropert ies of ligh t em erg ing

from the canopy after m u lt ip le in teract ion s, i. e. ,

ref lectance, t ran sm ission s, and ab so rp t ion s, w ith the

t issues of p lan t and the characterist ics of so il and

environm en ts. T he w in ter w heat canopy reflected

spectra are the m ixed spectra in view of the sen so r,

w h ich are affected by w heat canopy ( leaf area index

and leaf angle d ist ribu t ion, leaf w ater con ten t,
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m inera l deficiencies, parasit ic a t tack s, and so on ) ,

so il ( so il p ropert ies, so il illum ina t ion) , w eeds (w eed

species, am oun ts ) , environm en t and their

in teract ion s. H ealthy leaves typ ica lly exh ib it low

reflectance a t visib le w avelength s ( 400～ 700 nm )

ow ing to strong ab so rp t ion by pho toact ive p igm en ts
( ch lo rophylls, an thocyan in s, caro teno ids ) ; h igh

reflectance in the near infra red (700～ 1200 nm ) due to
m u lt ip le sca t tering a t the a ir2cell in terfaces in the leaf

in terna l t issue; low reflectance in w ide w avebands in

the sho rt2w ave infra red ( 1200～ 2400 nm ) due to

ab so rp t ion by w ater, p ro tein s, and o ther carbon
con st ituen ts (Jacquem oud S, and U st in S. L. , 2001;

W oo ley J. T. , 1971 ). D isease can cau se changes in

leaf t ran sp ira t ion ra te, leaf co lo r, m o rpho logy, and

crop den sity, w h ich in tu rn affect the op t ica l
p ropert ies of the canopy. Fo r exam p le, reflectance

changes in vio let2b lue and near infra red w avebands
(380～ 450 nm and 750～ 1200 nm ) w ere u sed to detect
early infect ion s of cucum ber leaves by the fungu s

Co lleto trichum o rb icu lare ( Sasak i, 1998 ). Indeed,

op t ica l changes have been u sed fo r m any years to

visua lly assess d isease d isk, bu t such assessm en ts by
the farm eröex ten sion w o rker are t im e2con sum ing and

can be inaccu ra te ( Paker 1995 ). H yperspectra l

im aging system s scan a large num ber of w avebands,

thu s p rovid ing a grea ter spectra l reso lu t ion in a co st2
effect ive m anner (L am b and B row n, 2001). Stud ies

u sing hand2held spectro rad iom eters have dem on stra ted

the po ten t ia l of hyperspectra l m easu rem en ts in
detect ion of w eeds (B row n et a l. , 1994 ). D isease

con tro l cou ld be m o re efficien t if d isease pa tches

w ith in fields cou ld be iden t if ied, sp ray app lied on ly to

the infected areas and fo r yield lo ss fo recast ing. It is
the m u lt ifacto r in teract ion com p lex ity, respon sib le fo r

canopy reflected spectrum variab ility under d ifferen t

st ress condit ion s, w h ich in sp ired th is w o rk on

develop ing a m ethodo logy fo r an accu ra te est im at ion of
d isease index by canopy reflected spectrum.

1　M ethodology

1. 1　Exper im en ta l site
　T he experim en t w as conducted a t rem o te sen sing

base of Beijing subu rb, w h ich is loca ted in Changp ing

dist rict (40°10. 6′N , 116°26. 3′E ) , from the year of
2001～ 2002 and 2002～ 2003. T he site is a t the w arm

tem pera te zone w ith a m ean annual ra infa ll of 507. 7

mm and a m ean annual tem pera te of 13℃.

1. 1. 1　So ils
　W heat w as p lan ted in a silt clay loam so il, the

nu trien ts of su rface so il (0～ 30 cm ) w ere as fo llow s:

the o rgan ic m atter, 1. 42%～ 1. 48% ; to ta l n it rogen,
0. 081%～ 0. 100% ; a lka li2hydro lysis n it rogen, 58. 6

～ 68. 0 m gökg; ava ilab le pho spho ru s, 20. 1～ 55. 4

m gökg and availab le po tassium , 117. 6 ～ 129. 1

m gökg.
1. 1. 2　Cu lt ivars
　T h ree w in ter w heat (T riticum aestivum L ) cu lt ivars
(‘J ing 411’, ‘982100’, and‘Xuezao’) w ere selected.

J ing411 has st iff st raw w ith a h igh to lerance to yellow

ru st, 982100 has m odera te to lerance to yellow ru st,

Xuezao w as su scep t ib le to yellow ru st.

1. 2　Trea tm en ts
　 In o rder to d ist ingu ish spectra l d ifferen t ia t ion of

yellow ru st from o ther environm en ta l facto rs st ress,

the d ifferen t st ress t rea tm en ts w ere cho sen as fo llow s:

　N o rm al t rea tm en t ( CK ) w as trea ted w ith the
no rm al w in ter w heat p roduct ion m anagem en t in N o rth

Ch ina.

　N itrogen deficiency w as no n it rogen fert iliza t ion
du ring the crop grow ing season ( from seeding to

harvest ing) , the so il condit ion s, irriga t ion and o ther

m anagem en ts are the sam e as the no rm al t rea tm en t.

　D rough t w as under no irriga t ion from heading to
harvest ing stage; the so il condit ion s and o ther

m anagem en ts are the sam e as no rm al t rea tm en t.

　 Yellow ru st w as inocu la ted by the yellow ru st

ep iphyte acco rd ing to p lan t p ro tect ion standard, and
disease index data w ere ga ined in field a t an in terva l of
5 days after inocu la t ion.

　Fungicide, sp raying no rm al hea thy grow th w in ter
w heat w ith m ax im um perm issib le concen tra t ion

fungicides.

　A ph ides, aph ides w ere one of m ajo r in sect pests of

w in ter w heat in Ch ina, it bu rst ou t na tu ra lly.

1. 3　M ea sured item and m ethods
　D isease indexes w ere ga ined by the field su rvey,

reflected spectrum w ere acqu ired by A SD F ieldSpec

P ro spectrom eter, a t the sam e tim e, variou s field and
labo ra to ry da ta w ere co llected fo r b iochem ica l and

b iophysica l param eters ana lysis by the standard

m easu ring m ethods ( Zhang, 1994 ) , w h ich includ ing

ch lo rophyll concen tra t ion, to ta l n it rogen, rela t ive
w ater con ten t and leaf area index (LA I) etc.

　Spectra l index: D riss (2002) p resen ted a com b ined

m odeling and index fo r p red ict ing ch lo rophyll
concen tra t ion from canopy reflected spectrum w h ile

m in im izing LA I influence and underlying so il

background effects. T he index w as defined as

tran sfo rm ed ch lo rophyll ab so rp t ion reflectance indexö
op t im ized so il2ad ju sted vegeta t ion index ( TCA R Iö
O SAV I). It w as defined as fo llow s:
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TCA R I= 3[ (R 700- R 670) - 0. 2 (R 700- R 550)

(R 700öR 670) ]

O SAV I= ( 1 + 0. 16) (R 800 - R 670) ö(R 800 -

R 670+ 0. 16)

W here TCA R I is am elio ra ted from M odified

Ch lo rophyll A b so rp t ion in R eflectance Index
(M CA R I) , w h ich w as p ropo sed by D augh try (2000)

as a varian t of the Ch lo rophyll A b so rp t ion in

R eflectance Index (CA R I) developed by K im (1994).

TCA R I is resistan t to non2green b iom ass effects, bu t

it is st ill sen sit ive to the underlying so il reflectance

p ropert ies, part icu la rly fo r low LA I ( Rondeaux,

1996). In o rder to overcom e th is p rob lem , D augh try
(2000) p ropo sed the M CA R I be com b ined w ith a so il

line vegeta t ion index like Op tim ized So il2A dju sted

V egeta t ion Index ( O SAV I, Rondeaux, 1996 ).

O SAV I belongs to the So il2A dju sted V egeta t ion Index
(SAV I; H uete, 1988).

　Pho tochem ica l reflectance index (PR I) w as defined

by Pen
～

uelas (1995) as fo llow s:

PR I= (R 531- R 570) ö(R 531+ R 570)

W here R x co rresponds to the reflectance a t the

w avelength con sidered. L eaf p igm en ts of the

xan thophylls cycle p lay a m ajo r ro le in ligh t

ab so rp t ion a t 531 nm ; the 570 nm w as u sed to reduce

the ch lo rop last m ovem en ts.

2　Da ta

2. 1　D isea se index and d isea se leaf ra te (DL R)

　D isease index (D I) w as ga ined a t an in terva l of 5

days after inocu la t ion. A nd the d isease severity degree

w as classif ied in to n ine d ifferen t levels, 0, 1 percen t,

10 percen t, 20 percen t, 30 percen t, 45 percen t, 60

percen t, 80 percen t, and 100 percen t, it w as the ra t io

of the yellow ru st pa tch areas to the w ho le leaf areas,

the D I can be ca lcu la ted as the fo llow ing fo rm u la:

D I = ∑ (x × f )

n ×∑f
× 100

W here x is the d isease severity degree; n is the

h ighest2levelm agn itude, w h ich is 8; it w as referred to

L i’s research (L i, 1989).

　D isease leaf ra te (DL R ) data w ere defined as the
ra t io of d isease leaf num bers to the to ta l leaf num bers

in a un it f ield area.

2. 2　Fol iar spectra l da ta
　Fo lia r spectra l da ta w ere m easu red by L I2Co r18002
12S Ex terna l In tegra t ing Sphere, w h ich w as coup led

w ith A SD F ield Spec P ro FR 2500 (350～ 2500 nm ).

2. 3　F ield canopy spectra l da ta
　A ll canopy spectra l m easu rem en ts w ere taken from

a heigh t of 50 cm above canopy under clear b lue sky
condit ion s betw een 10∶00 and 14∶00 at loca l t im e,

u sing an A SD F ieldSpec P ro spectrom eter (A nalyt ica l

Spectra l D evices, Bou lder, CO , U SA ) fit ted w ith 25°
f ield of view fiber op t ics, w h ich funct ion s in the 350～
2500 nm spectra l reg ion w ith spectra l reso lu t ion of 3

nm at 700 nm , 10 nm , 1400 nm and 2100 nm , and

w ith a sam p ling in terva l of 1. 4 nm betw een 350 and
1050 nm , and 2 nm betw een 1050 and 2500 nm.

R eflected spectrum w as u sed fo r ca lcu la t ion by a 0. 40

m ×0. 40 m BaSO 4 ca lib ra t ion panel. V egeta t ion and

panel rad iance m easu rem en ts w ere taken by averag ing
20 scan s a t op t im ized in tegra t ion t im e w ith due care

fo r dark cu rren t co rrect ion a t every spectra l

m easu rem en t. It w as m easu red a t an in terva l of 7

days.
2. 4　B iophysica l and b iochem ica l param eters
　 Imm edia tely fo llow ing each canopy reflectance

m easu rem en t, the p recise area are co rresponding to
the foo tp rin t of the field spectrom eter w as harvested

to so il level, packed in coo led b lack p last ic bags and

tran spo rted to the labo ra to ry fo r sub sequen t ana lysis.

V ariou s field and labo ra to ry da ta w ere co llected fo r
b iochem ica l and b iophysica l ana lysis, such as fo lia r

ch lo rophyll, fo lia r n it rogen and leaf area index (LA I)

etc. L eaf sam p les and stem sam p les w ere imm edia tely

w eighed to determ ine fresh b iom ass, d ried separa tely
in a fo rced drough t oven fo r 48 h at 70℃ and w eighed

again to determ ine dry b iom ass. L eaf w ater con ten t

per un it leaf area w as ca lcu la ted as the d ifference
betw een leaf fresh and dry m ass. Fo lia r n it rogen

concen tra t ion exp ressed as a percen tage of leaf dry

w eigh t, w as determ ined by K jeldah l d igest ion and

sub sequen t determ ina t ion of amm on ia by dist illa t ion
m ethod. Fo lia r ch lo rophyll concen tra t ion w as

m easu red by tw o k inds of m ethods (ch lo rophyll m eter

and trad it iona l m ethods of p igm en t ana lysis ) , the

ch lo rophyll concen tra t ion w as first m easu red by a
hand2held ch lo rophyllm eter w h ich is ca lled SPAD 2502
( Specia lty P roducts A gricu ltu re D ivision, M ino lta

Co rpo ra t ion ) , it w o rk s a t 650 nm and 940 nm w ith

tw o ligh t em it t ing diodes. To reco rd read ing disp layed
in SPAD un its, leaf w as in serted a t abou t ha lf w ay

from the leaf t ip and co lla r, and abou t m iddle po in t

betw een leaf m idrib and leaf m arg in. A fter m easu ring
by SPAD 2502, it w as m easu red spectropho tom etrica l2
ly after ex tract ion w ith 80% acetone, acco rd ing to

A rm on m ethod. Befo re tasseling stage the new est

fu lly expanded leaf, w h ich had an expo sed co lla r w as
cho sen fo r m easu rem en t. A fter tasseling stage the flag

leaf w as cho sen fo r b iochem ica l variab les ( fo lia r
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n it rogen, fo lia r ch lo rophyll etc. ) m easu rem en t. L eaf
area index w as m easu red by passing a ll leaves th rough

an area m eter (L I23100, L I2COR , L inco ln, N E).

3　Results

3. 1 　 Hyperspectra l d ifferen tia tion of n itrogen
def ic iency, yellow rust, aph ides, drought and
fung ic ide
　 In o rder to study the yellow ru st from canopy

reflected spectrum , the canopy spectrum of yellow

ru st from environm en ta l st ress facto rs shou ld first be

d ist ingu ished. Environm en ta l st ress facto rs w ere
classif ied in to n it rogen deficiency, drough t, yellow

ru st, pest icide and aph ides.

　A s show n in F ig. 1, the canopy reflectance of

aph ides increased in near infra red bands becau se the
fo lia r su rface w as covered by aph ides. T he canopy

reflected spectrum of fungicide, drough t and n it rogen

deficiency are a ll increased in visib le bands and
decreased in near infra red bands com pared to no rm al
( CK ). T he reflectance of yellow ru st increased

sligh t ly in visib le bands and decreased in near

infra red. T hough the spectrum has d ifferen t ia t ion
betw een differen t st ress facto rs, bu t it is hard to

d ist ingu ish by o rig ina l canopy reflected spectrum ,

som e fu rther w o rk fo r the ex tract ion of yellow ru st

info rm at ion from canopy spectrum shou ld be carried
ou t.

1. N itrogen deficiency　2. D rough t　3. Yellow rust
4. Fungicide　5. N o rm al　6. A ph ides

F ig. 1　Canopy reflectance of no rm al, yellow rust, aph ides,

drough t, n itrogen deficiency and fungicide po ison

3. 2　Rela tion sh ip between SPAD va lue and m ea sured
chlorophyll concen tra tion
　 T he am oun t of ch lo rophyll per un it leaf area of
w in ter w heat is a good ind ica to r of crop hea lthy
condit ion s. T herefo re, determ ina t ion of leaf
ch lo rophyll concen tra t ion can be u sed to detect p lan t
m u ta t ion s, st ress, and nu trit iona l sta te. T he standard
m ethod fo r determ in ing leaf ch lo rophyll concen tra t ion

is to hom ogen ize the leaf t issue in 80% acetone,

m easu re the ab so rbance a t 663 and 645 nm , and then

ca lcu la te the ch lo rophyll concen tra t ion u sing the

specif ic ab so rp t ion coefficien ts fo r ch lo rophyll a and b
(A rnon, 1949). A lthough th is m ethod w o rk s w ell, it
has tw o draw back s. F irst, th is m ethod is t im e

con sum ing, especia lly w hen there are num erou s

specim en s to ana lyze. Secondly, the leaf specim en w as
destroyed, thu s m ak ing fu rther study of tha t specim en

im po ssib le. T he M ino lta Ch lo rophyll M eter SPAD 2
502 can be u sed to rap id ly determ ine ch lo rophyll

concen tra t ion s in p lan t leaves w ithou t dam age to the
leaf. In it ia lly, one w as lim ited to the arb it ra ry un its,

w h ich the in strum en t d isp lays. How ever, the da ta and

graph s p resen ted in th is paper show tha t there is a

linear rela t ion sh ip betw een the SPAD values and the
to ta l ch lo rophyll (ca lcu la ted by conven t iona lm ethods)

in w in ter w heat leaves. T he m easu red leaves ranged

from erect ing to m atu rity grow th stages, and the
m easu red leaf included differen t grow th stages,

d ifferen t leaf co lo r ( green, yellow 2green, yellow

etc. ).

　T h is rela t ion sh ip m akes it po ssib le to u se the graph
as a standard cu rve and determ ine actua l am oun ts of

ch lo rophyll per un it a rea from SPAD values. T he

m ethod p resen ted in th is paper can be u sed to

con struct standard cu rves fo r o ther species of p lan ts,

w h ich m ay no t co rrela te d irect ly to the m easu red data

due to d ifferences in leaf th ickness and m o rpho logy.

F ig. 2　R elat ionsh ip betw een SPAD value and

to tal ch lo rophyll concen trat ion

3. 3 　Appl ica tion of TCAR IöOSAV I to chlorophyll
concen tra tion estima tion to m in im ize leaf area index
and so il background effect
　 Som e researchers ind ica ted tha t LA I p lays an

im po rtan t ro le in canopy reflected spectrum ; the LA I
dom inated the near infra red spectra l characterist ics of

canopy reflected spectrum. In o rder to inverse canopy

ch lo rophyll concen tra t ion, the effect of LA I on canopy

reflected spectrum shou ld be elim ina ted. Ch lo rophyll
concen tra t ion is an ind ica to r of pho to syn thesis

001 农业工程学报 2005 年　

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd.   All rights reserved.



act ivity, w h ich is rela ted to the n it rogen concen tra t ion
in green vegeta t ion and serves as a m easu re of crop

respon se to n it rogen app lica t ion.

　T h is paper in troduced the u se of the ra t io TCA R Iö
O SAV I to m ake accu ra te p red ict ion s of w in ter w heat
ch lo rophyll concen tra t ion, canopy reflected spectrum

and ch lo rophyll concen tra t ion w ere acqu ired fo r abou t
80 days in terva ls, w h ich covered the five d ifferen t
grow th stages. T he SPAD value ranges from 18 to
108. A s show n in F ig. 3, rela t ion sh ip w as estab lished

betw een m easu red ch lo rophyll concen tra t ion ( in

labo ra to ry) and the ra t io of TCA R IöO SAV I derived
from canopy reflectance da ta. T he canopy spectrum

and the canopy ch lo rophyll concen tra t ion w ere

acqu ired fo r a lm o st a ll the grow th du ra t ion, it lasted

abou t 70 days covered the w in ter w heat m ajo r yield
and gra in quality con tribu t ion grow th stages ( such as

erect ing stage, elongat ion stage, head ing stage,

an thesis stage, early gra in filling stage, m iddle gra in
filling stage, la te gra in filling stage, w ax ripeness

stage ). It ind ica ted tha t it has the logarithm ic

rela t ion sh ip betw een the TCA R IöO SAV I and the

SPAD value, w ith a coefficien t of determ ina t ion R 2 =

0. 7795 (n = 320) , so the com b ined index (CC II) can

be u sed to m in im ize the effects of LA I and no

pho to syn thet ic m ateria ls on the retrieva l of

ch lo rophyll concen tra t ion a t canopy level. T herefo re,

the p red ict ive capab ility of TCA R IöO SAV I seem s

con sisten t and sa t isfacto ry.

F ig. 3　R elat ionsh ip betw een m easu red ch lo rophyll

concen trat ion and the rat io of TCA R IöO SAV I

3. 4　Rela tion sh ip between d isea se index and d isea se
leaf ra te
　T he stripe ru st d isease index can be u sed to deno te

the d isease seriou s degree, it w as the ra t io of yellow

ru st pa tch areas to the w ho le leaf areas, and it w as

classif ied in to 9 differen t levels, w h ich w as defined by

crop p ro tect ion experts. D I shou ld be gained by field

su rvey, it is t im e con sum ing and it is d iff icu lt fo r som e

farm ers to do th is in the field. So som e sim p le d isease

index field su rvey m ethod shou ld be found fo r the

inversion of yellow ru st in the filed. A s show n in

F ig. 4, the d isease leaf ra te w as sa tu ra ted w hen the
d isease index w as m o re than 20% , it has linear

co rrela t ion betw een D I and DL R at early stage of

yellow ru st, it is st ill in the p reven t ion and cu re stage.

3. 5　Appl ica tion of photochem ica l ref lectance index
(PR I) for d isea se index inversion by m in im iz ing fol iar
inner structure effect
　 Som e physio log ica l reflectance ind ices such as
pho tochem ica l reflectance index (PR I) w ere p ropo sed

to p red ict the b iochem ica l concen tra t ion. Becau se

w hen the w in ter w heat w as inocu la ted by yellow ru st

ep iphyte, as t im e w en t on the fo lia r p igm en ts w ere
destroyed and fo lia r physio log ica l p ropert ies

decreased, so the PR I w as cho sen to m on ito r d isease

index. Since the PR I value in th is research is too

sm all, it w as necessary to sca le PR I; in th is paper the
no rm alized pho tochem ica l reflectance index (N PR I)

w as defined as the va lue of PR I t im es 100. A s show n

in F ig. 5, It has the linear nega t ive rela t ion sh ip
betw een the N PR I and D I, w ith a coefficien t of

determ ina t ion R 2 = 0. 8477 (n = 63) , so the no rm alized

pho tochem ica l reflectance index (N PR I) can be u sed

to fo recast the d isease index of yellow ru st.

F ig. 4　R elat ionsh ip betw een disease index (D I)

and disease leaf rate (DL R )

F ig. 5　R elat ionsh ip betw een no rm alized pho tochem ical

reflectance index and disease index

4　D iscuss ion and conclusion

　 T he ob ject ive in th is study w as to develop the

app rop ria te spectra l index fo r p red ict ion of yellow ru st
index tha t is rela t ively in sen sit ive to w heat canopy
( leaf area index and leaf angle d ist ribu t ion, leaf w ater

con ten t, m inera l deficiencies, parasit ic a t tack s, and so

on) , so il ( so il p ropert ies, so il illum ina t ion ) , w eeds
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(w eed species, am oun ts ) , environm en t and their
in teract ion s. T he differen t canopy structu res (J ing
411, the erect ive cu lt ivar; Xuezao, the m iddle

cu lt ivar; 98- 100, the loo se cu lt ivar) w ere classif ied

by leaf ob liqu ity d ist ribu t ion characterist ics. Young,

m atu re and senescen t leaves w ere co llected from the 3

variet ies tha t varied grea t ly in st ructu ra l varia t ion s on

the rela t ion sh ip betw een canopy b iochem ica l variab les
and spectra l ind ices.
　W hen w in ter w heat w as infected w ith yellow ru st,

the leaf ch lo rophyll concen tra t ion decreased, it has

good rela t ion sh ip betw een SPAD value and m easu red
ch lo rophyll concen tra t ion. T he m ethod p resen ted in

th is paper can be u sed to con struct standard cu rves fo r

o ther species of p lan ts, w h ich m ay no t co rrela te

d irect ly to the m easu red data due to d ifferences in leaf
th ickness and m o rpho logy. Fu rtherm o re, it m ay be

po ssib le to assign rea l param eters to the co lo r

classif ica t ion s tha t a re now typ ica lly determ ined
visua lly. O n the o ther hand the regression equat ion

betw een m easu red ch lo rophyll concen tra t ion ( in

labo ra to ry) and the ra t io of TCA R IöO SAV I derived

from canopy reflectance da ta w as estab lished, w ith a
coefficien t of determ ina t ion R 2 = 0. 7795 (n = 320) , so

the ra t io of TCA R IöO SAV I can be u sed to m in im ize

the effects of LA I and no pho to syn thet ic m ateria ls on

the retrieva l of ch lo rophyll concen tra t ion a t canopy
level.

　 T he p roper reflectance index of pho tochem ica l

reflectance index (PR I) w as cho sen fo r d isease index
inversion by m in im izing fo lia r inner st ructu re effect, it

has linear nega t ive rela t ion sh ip betw een the

no rm alized PR I and D I, w ith a coefficien t of

determ ina t ion R 2 = 0. 8477 (n = 63) , so the no rm alized
pho tochem ica l reflectance index (N PR I) can be u sed

to fo recast the d isease index of yellow ru st.

　A s suggested above th is can be done w ith in a

geograph ic info rm at ion system (G IS) environm en t tha t
m akes a ll ob serva t ion s spa t ia lly exp licit, the first is

th rough the u se of a convergence of ind ica to rs:

com b in ing rem o te sen sing data w ith o ther independen t

ob serva t ion s ( e. g. , g row ing season ou t look from
satellite da ta com b ined w ith field su rvey on the

ground ). T he second, and m o re expen sive,

a lterna t ive is an o rchestra ted cam paign of ground
sam p ling in suppo rt of rem o te sen sing data

acqu isit ion. T he th ird is to inco rpo ra te rem o te sen sing

data and disease index as in inpu t in to p red ict ive

m odels of behavio r. W ith suppo rt ing of G IS, the
w in ter w heat grow th variab les, so il variab les,

w eather condit ion s, f ield d isease index su rvey data,

canopy reflected spectrum data can be m anaged by
G IS, and disease infect ion degrees and b roadcast ing

areas can be p rom u lga ted by the w eb site. Based on

th is techno logy, it is po ssib le fo r the dynam ic,

expedit iou s and nondestruct ive w ay to ga ther w in ter
w heat d isease info rm at ion in a rela t ively w ide area in a

sho rt2term du ra t ion.
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利用高光谱指数进行冬小麦条锈病严重度的反演研究

黄文江1, 2, 黄木易1, 刘良云1, 王纪华1, 赵春江1, 王锦地2

(1. 国家农业信息化工程技术研究中心, 北京 100089; 　2. 北京师范大学地理学与遥感科学学院, 北京 100875)

摘　要: 通过选取不同条锈病抗性品种 (高抗、高感、中间) 进行田间不同梯度 (对照、轻度、中度、重度) 的接种试验, 在接种后每隔 7 d

左右, 同步测定了不同品种、不同处理的冠层光谱、单叶光谱和对应目标的病情指数以及叶面积指数、叶倾角等生物物理参数和叶绿
素、SPAD 数值等生物化学参数。通过对获取的光谱数据和生物物理参数和生物化学参数进行统计分析。研究结果表明, 小麦被条锈病
感染以后, 叶片叶绿素含量急剧下降, 通过研究叶片绿度值 (SPA FD ) 值与叶绿素含量之间的关系, 建立了叶片叶绿素含量和叶片

SPAD 数值之间的线性关系方程。通过在借鉴前人研究结果的基础上, 通过筛选光谱指数, 在冠层水平上构建作物冠层结构不敏感色
素反演指数 (CC II= TCA R IöO SAV I)来反演全生育期不同处理的 SPAD 数值, 此反演结果受品种类型、冠层结构和土壤背景的影响较
小, 线性方程的决定系数达到极显著的水平。在单叶水平选取归一化的光化学指数 (N PR I) 来反演单叶的病情指数 (D I) , 线性方程的
决定系数达到极显著的水平。所以该文通过选取适当的高光谱指数进行冬小麦条锈病严重度的反演的理论和方法是可行的。且反演
结果受不同品种、不同叶面积指数和土壤背景等的影响均较小。
关键词: 条锈病; 反演; 病情指数; 高光谱指数; 冬小麦
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